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Abstract 
The conditions and the processes under which submarine slumping occurs and the agencies causing them are discussed. 
Special attention is given to the role of coaxial and non-coaxial components of shear strength of sediments. It is of interest 
to note that slumps can result in a wide variety of sedimentary structures and many of these structures are associated with 
liquefaction. The influence of under consolidation due to high rates of sedimentation on the strength of marine sediments 
is treated in this paper. The drained and un-drained failures and mechanics of slumping are analyzed by applying coaxial 
and non-coaxial components of shear strength of sediments. It is thought and believed that some slumps transform into 
high density turbidity currents, if the pore pressures induced at failure are high enough. This paper does not deal with 
turbidity currents. It is only limited to the extent of explaining the role of coaxial and non-coaxial components of shear 
strength of sediments in initiating turbidity currents. 
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1. Introduction 
Much of the progress in understanding the processes involved in sub-aerial landslides has been possible 
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only through detailed analysis of particular cases .The information that is available regarding submarine 
slumping suggests that there are two problems associated with the phenomenon that deserve particular 
attention. The first problem is whether it is possible for slumps to occur on gentle slopes, particularly on the 
open continental shelf and slope. The second problem is to account for the wide variety of sedimentary 
structures that have been attributed to slumping. Most sediment involved in slumps is likely to be normally 
consolidated. There are many mechanisms that can induce slumping. The most common one is probably over 
steepening of the slope. This can occur due to deposition or local tectonic movement. 
Progressive slumping or liquefaction is alternative mechanisms. The most important properties of soils in 
the form of cohesion, c, and friction (angle of internal friction  
shear component is related to cohesion and non-coaxial and the angle of internal friction is related to 
noncoaxial shear component. 
2. The Concept of coaxial and Non-coaxial components of shear strength of Soils 
 
Fig. 1. Rigid spheres slide past one another to Accommodate the shape change without distortion of the individual marbles. In figure 1b 
the shape change is achieved by changes in the shape of individual clay balls to ellipsoids, are quite different. [1] 
 
Fig. 2.[2] 
In figure 2 Particle paths or flow lines during progressive strain accumulation. These flow lines represent 
pure shear [a], general shear [b], simple shear [c], and rigid body rotation [d]. The cosine of  is the 
kinematic vorticity number,Wk for these strain histories; Wk =0,0 < Wk <1, Wk=1, and Wk , respectively. 
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Avoiding the math, a convenient graphical way understands this parameter is shown in figure 2 When 
tracking the movement of individual points within a deforming body relative to a reference line, we obtain a 
displacement field (or flow lines) that enables us to quantify the internal vorticity.The angular relationship 
between the asymptote and the reference line defines Wk: Wk =cos For pure shear Wk= 0 figure 2a, for general 
shear 0 <Wk  <1 figure 2b and for simple shear Wk = 1, figure 2c . Rigid- body rotation or spin can also be 
described by the kinematic vorticity number ( in this case, Wk =  0 esents 
0  represents pure shear. 
3. Characteristic Features associated with slumping and flow of sediments 
 
Fig. 3. [2] 
(D60  diameter of the grain corresponding to 60% finer, and D10  diameter of the grain corresponding to 
10% finer) 
1. To start flow the saturated sand must have a relative density less than 0.4 or 0.5.Fine grain size D10 
generates coaxial component of shear and D60 the non-coaxial. The above figure 3 is a combination of coaxial 
and non-coaxial components of shear strength which generates liquefaction when D60/D10 is less than 5 
indicating low shear strength. Any combination in the dynamics of sediments (moving) falls in the range of 
D60/D10 less than 5 will be subjected to liquefaction. The cohesion mobilized is not sufficient to create stability 
in that environment. 
2. The most unstable sediments have an effective size D10, less than 0.1mm and a uniformity coefficient, 
D60 / D10 less than 5. 
3. Liquefaction plays an important role in causing many minor features observed in slumps, as well as 
decreasing the overall shearing resistance of the sediment and hence increasing its mobility. 
4. Saturated loose sands and silts which, when loaded, collapse and transfer the load to the pore water. 
5. Pore pressure gradients can be set up which eliminate the shearing resistance of the sediment. 
6. The seepage velocity will carry the particles with flow. 
7. Given an amount of cohesion is more effective in maintaining stability under submarine conditions. 
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Loss of fines or cohesion or coaxial strength results in instability of sediments. The distribution of cohesive 
strength with depth in the beginning of continental shelf, slope and abyssal plain is shown in the following 
figure. The distribution of cohesion points is less in continental shelf, more in slope and least in abyssal plain. 
The inorganic (pure sand) loading and hydraulic loading in combination increases turbidity currents because 
shear strength is nearly zero in the absence of sufficient cohesion. 
 
Fig. 4. [3] 
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Depth: distance below top of core 0-900 cm cohesion, g/cm2 range 0-200 
Figure 4 combined plots of cohesion versus distance below top of core for all areas studied. 
8. When a fully saturated soil is sheared under un-drained conditions and the results are interpreted in 
terms of total stresses, the material behaves as though it is purely cohesive. This holds for saturated sands as 
well as for clays. 
9. For normally consolidated clay, granular materials the apparent cohesion C is 0 . 
4. Stages of Sub-Marine Slump 
The first stage is a coherent slump where little mixing of sediment has occurred and the beds have retained 
their identity to a large degree. Since the failure surface is at a depth the sediment above the surface of the 
failure moves as a single unit in which the cohesion or the coaxial shear component gives the required 
resistance and strength. 
The second stage is incoherent slump, when there has been extensive mixing of indurated sediment in a 
mass of sand, silt or clay. 
In the third stage the sediment in increasing mobility results fluxo-turbidites. 
In the final stage the turbidity currents initiated moves further as the consequence of slumping. 
5. Illustrative Examples of Volumes of Submarine Slumps is Shown in Table 1 
Table 1:  
Location                                 Volume m3 
Magdalena River Delta              3 x 108 
Mississippi River Delta             4 x 107 
Suva ,Fiji                                   1.5 x108 
Valdez, Alaska                          7.5 x 107 
Folla Fjord                               3 x 105 
Orkdals Fjord                                 107 
Sagami Wan                             7 x 1010 
6. The following Integrated Figure Represents Lowlands 
Figure 5a shows modified Skempton points and figure 5b shows weathering of sandstone (sedimentary 
Structure) in lowlands. 
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Fig. 5. [4],[5] 
1. Stage of maturity depends upon grain size and shape of the soil or sediment. 
2. In immature textural stage the sediments contains much clay and are sensitive to coaxial strain or pure 
shear .These sediments are poorly sorted (well graded ) and poorly rounded. Immature sediments have not 
undergone sufficient transport and reworking. After removal of clay the sediment grades into sub-mature 
stage. Pure shear (coaxial strain) decreases and simple shear (non-coaxial strain) is also introduced along with 
pure shear. 
3. In sub- se sand percentage 
increases and the sediment is not well sorted or rounded. 
4. In mature textural stage sediment is well sorted (poorly graded) but at the same time not well rounded 
 value. 
 
stage the sediment grains are well sorted (poorly graded) and well rounded. 
6. In figure 5 right upper top half is low cohesion zone, representing quadrants I, II, the angle of internal 
-coaxial strain (simple shear) increases .In other words in low cohesion zone 
quadrant II represents low friction and the sediment is in sub-mature or mature stage.( left upper top 
half).Similarly in low cohesion zone quadrant I represents high friction representing mature or supermature 
textural stage. 
7. In figure 5 right bottom half is in high cohesion zone representing quadrant III and IV. The angle of 
internal friction slightly increases because much clay increases cohesion. In quadrant IV no Skempton point is 
found. The reason is that high cohesion and high friction cannot exist together. In high friction the soil 
consists of only pure well rounded well sorted grains and these grains just roll without any shear strength. 
7. Submarine un-drained shear strength and drained shear strength of sediments (Slumps) 
In general the shear strength equation is  
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 '                                     (1) 
 
 pore 
pressure (which is assumed to consist only of the pore - water pressure in saturated recent marine sediments).  
 u                                                                   (2) 
In a true un -drained condition of shear, where confined saturated samples are tested without permitting any 
changes in their water content during the tests, any increment in total stress will be counter balanced by 
excess pore water pressure.  
                      (3) 
This clearly indicates that cohesion C controls un-drained test. In other words the coaxial component of 
shear strength controls the sediment. 
8. Drained Shear Strength 
No excess pore pressure exists at failure in a drained slump. By considering the horizontal and vertical 
equilibrium condition the well known relation between the slope angle at failure and the properties of the 
sediment may be readily shown to be  
tan 2                                                               (4) 
 ' denotes the angle of shearing 
 in 
terms of effective stress ) and h denotes the height of the sediment participating in the slump. It is of interest 
to note that a comparable analysis for sub-aerial conditions would involve the bulk density of the 
in the resulting form of equation 4.  
This clearly indicates that a given amount of cohesion is more effective in maintaining stability under 
submarine conditions, all other condition being the same. 
When the sediment is a normally consolidated clay or uncemented sand or silt, the following well known 
 ' Drained slumping is most commonly caused by depositional 
over steepening. In this condition also as stated above the cohesion controls the slumping. 
9. Conclusions 
1. The intrinsic significance of D60 / D10 is the ratio of non-coaxial shear strength to coaxial shear strength. 
Cohesion is related to fine grained soil and friction is related to coarse grain soils. 
2. In submarine conditions cohesion plays an important role in association with or dis-association with 
sand . Given an amount of cohesion is more effective in maintaining stability under submarine conditions. 
Loss of fines or cohesion or coaxial strength results in instability of sediments. 
3. The maturity of sediments, from immature state to supermature state is mainly due to loss of clay from 
sedimentary structures( example: sandstone) resulting in loss of coaxial or cohesive strength. Consequently 
and subsequently the maturity sequence ultimately weathered to free sand sized grain population which is 
favorable for submarine slumps and initiation of turbidity currents. 
4. In drained or un-drained conditions the submarine sediment mobility is controlled by cohesion. In 
favorable drained conditions over steepening of sediments is responsible for the slumps. 
5. In sediment movement from the coastal region to abyssal plain the distribution of cohesion in the 
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beginning areas of continental shelf, continental slope, the sediment accumulation, growth slumping and 
flowing is controlled by the cohesion or coaxial strength component of the sediment. The sediments have to 
resist the shear forces experienced from tidal variations, over steepening of slopes, earthquakes,floods and 
other tectonic origin. When sediments are subjected to these forces they undergo association and 
disassociation with cohesive and non-cohesive resistance. 
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